Extract
Blood sugar and plasma free fatty acids (FFA), immunoreactive insulin ( IR I), and growth hormone ( GH) responses to a protein-glucose meal were determined in normal infants and those with marasmus and marasmic kwashiorkor. Among the normal subjects, fasting blood sugar (BS), peak BS and IRI, and the I R I / B S ratio tended to decrease as age increased. Peak IRI was at least 13 F U / ml above fasting in 21 of 24 infants. Fasting GH levels were high, 38.5 & 13.6 (SD) and 26.3 + 14.0 ng/ml, in the two youngest groups (under 1 year) and were comparable with those of the late newborn period. They were slightly lower, 20.8 + 22.1, in those 12.5-18.5 months of age. Suppressions of FFA and subsequent rebounds were in close temporal relation to BS and IRI peaks and lows, but not the GH levels. GH was promptly suppressed by the meal, and in most infants secondary elevations were seen.
Untreated marasmic infants had normal or low BS, correspondingly normal or low IRI, markedly elevated FFA (1,821 & 588 pEq/liter), and GH levels comparable with those of the control subjects. There was some delay in BS elevation and disappearance and poor insulin release after the meal, with only two of nine having elevations of at least 13 pU/ml. The BS elevations and IRI responses, however, were adequate to block FFA release. GH levels were poorly suppressed by the meal but some infants had further elevations, possibly in response to protein. After partial rehabilitation, fasting BS and FFA and BS elevations after the meal were normal. A slight improvement in insulin release was apparent. Fasting GH levels and responses to the meal were normal. Fasting, minimally treated children with marasmic kwashiorkor (MK) had normal or low BS, normal or low IRI, normal FFA, and probably normal GH levels. There was considerable delay in BS elevation, moderately delayed glucose disappearance, and very poor or unmeasurable insulin release after the test meal; FFA and GH were poorly suppressed. After partial rehabilitation, fasting BS was normal, FFA levels were low (630 163 pEq/l), IRI was still Table 2 .
Age, height, and weight of infants with marasmus ( M ) or low, BS elevations and disappearance improved, IRI responses marasmic kwashiorkor ( M K ) studied on day after admission modestly improved, and GH responses were normal. and again when partially recovered

Speculation
Metabolic and hormonal responses of malnourished infants to a test meal may be appropriate for survival but not for renewed growth of lean body mass.
The altered metabolic state, distorted body composition, and retarded growth of severely malnourished infants have aroused interest in the hormonal mechanisms presumed to be involved. The poor nitrogen retentions of many of these infants, the very high energy intakes that are needed to promote weight gain and growth, and the persistently reduced lean body mass all suggest that important alterations in substrate utilization are part of the adaptation which is necessary for survival but may then hinder rehabilitation. Even when rapid weight gain is established during recovery, this may be primarily the result of fat deposition (14) .
In order to better understand the mechanisms governing substrate utilization, we have measured the responses to a proteinglucose meal of the blood sugar, plasma immunoreactive insulin, plasma growth hormone, and plasma free fatty acids of infants with marasmus or marasmic kwashiorkor. Although it was recognized that impaired absorption would influence the results, and that the responses observed might not be maximal, we felt that they would be more representative of responses taking place when such infants are realimented than those to induced hyper-and hypoglycemia or to amino acid infusions (2, 4, 8, 11, 12, 14, 31, 39, 41) . Because of the paucity of reported normal values in infants of different ages, and because control samples handled in the sample manner as the study samples would be more meaningful, we evaluated healthy infants selected to match the study cases in age and body size.
SUBJECTS NORMAL CONTROL SUBJECTS
Three age groups were selected for study (Table 1) : C-1 approximated the size and C-2 the age of typical marasmic infants; C-3 approximated the size of those with MK. We did not study age controls for MK.
All control subjects and nearly all the malnourished subjects were males because of greater ease of urine collection. Nine normal subjects were studied twice, at different ages; six only once. The reasons for admission, diet, physical findings, growth pattern, and routine laboratory investigations have been described (9, 13) .
MALNOURISHED INFANTS
Nine patients with marasmus were studied on the day after admission; seven were restudied on the 24th to 79th hospital day. Eleven patients with MK were studied on the day after admission. Ten were restudied on the 24th to 75th hospital day, one of them twice. One additional patient was first studied on the 25th day. Their ages, heights, and weights are listed in Table 2 . Results of physical examinations and routine laboratory determinations for 6 'Unsuspected pneumonia present at time of study.
Pyodermia: blood culture + for hemolytic Staphylococcus aureus.
Cases MK 349 and M K 358 were girls, all others boys.
of the 9 cases of marasmus and 8 of the 12 cases of MK have been published, as have details of management (9, 13). The additional cases had similar characteristics.
METHODS
Malnourished subjects were admitted to the hospital in the afternoon of the day before the studies. Blood was obtained for culture, electrolytes, serum proteins, and blood typing and crossmatching. Marasmic infants were given an oral dextrose-electrolyte mixture (1.50 ml/kg body wt/24 hr) until midnight and then fasted until blood was drawn at 8 AM. Those with MK, depending on the hour of admission, received one or two feedings, each providing 0.4 g protein (casein) and 15 kcallkg body wt, as well as the dextrose-electrolyte mixture; both were discontinued at midnight.
Although all patients were initially presumed to be free of recent dehydrating diarrhea or severe infection, two cases of marasmus and one of MK turned out to be septic, the blood cultures on admission growing gram-negative pathogens. One case of MK had more than the usual superficial skin infection and his blood culture on admission grew hemolytic Staphylococcus aureus. Another was restudied on the 29th day, while seemingly well, but later became febrile and had pneumonitis by x-ray; he was studied again on the Age, rno immediately replaced. In the control subjects, volume replacement was with physiologic saline solution. In these subjects the fasting blood specimen for the present studies was obtained approximately 1 hr after replacement. Immediately after this fasting blood specimen was obtained, all subjects received a bottle feeding which provided 0.4 g protein (casein) and 2.0 g glucose/kg body wt. Although fat is commonly but not invariably included in the formulas used in early dietary . therapy, the amounts to be added to the test meal would have been very small; in any case, fat would not have influenced the hormonal responses (46) . Blood samples were obtained 15, 30, 60, 120, and 180 min after the feeding. A further 240-min sample was taken in over half of the subjects. As each sample consisted of approximately 4 ml of blood, all malnourished subjects had the total volume replaced with fresh blood after the last sample was obtained. The control subjects were given supplemental oral iron. The BS was determined immediately by the Somogyi-Nelson method (35) on capillary blood obtained by heel-stick. Heparinized venous blood obtained at the same times was immediately spun down and the plasma separated. An aliquot was taken for determination of FFA (10) . The balance was frozen and kept at -20" until shipped in Dry Ice to the Johns Hopkins Hospital, where it was kept frozen until determinations of IRI and G H were made (45, 47) . Hormonal assays were carried out periodically in batches which included samples from control and malnourished infants. Admission and convalescence samples from each patient were assayed in the same batch.
When the patients had recovered from all acute manifestations and were gaining weight on an appropriate diet, 23 to 78 days after admission, they were restudied in an identical manner.
RESULTS
NORMAL INFANTS (FIG. I )
The differences in mean fasting BS values found between the three age groups were not significant. A coefficient of correlation between fasting BS and IRI values of 0.52 (P < 0.02) suggests that the wide range of individual BS values was not due to laboratory error.
Postprandial BS curves ( Fig. IA) were similar for the three groups. At 120 min the BS had fallen to or below the fasting level in 20 of 24 infants. Only two had curves indicative of some intolerance: both had normal insulin responses, and when retested, had normal glucose tolerance.
Mean fasting IRI (Fig. 1B) was similar for the three groups. Peak IRI generally coincided with, and was proportional to peak BS (r = 0.44, P < 0.05). In 21 of 24, peak IRI was at least 13 pU/ml higher than fasting, and in 14 at least 20 pU higher. Peak levels were at least 20 pU/ml in 21 of 24, and 30 pU/ml in 15 of 24 tests. There were no unduly sustained insulin responses.
Fasting plasma FFA values were not significantly correlated with IRI or BS. They fell by 40% or more at 60 or 120 min in 21 of 24 ( Fig. 1C ) and rebounded at 180 or 240 min. The most impressive drops were associated with the greatest BS and IRI elevations.
Mean fasting G H levels ( Fig. ID) were 38.5 * 13.6 (SD), 26.3 i 14.0, and 20.8 * 22.1 ng/ml in the three age groups. In 19 of the 20 with 10.0 or more ng/ml, marked suppression was evident at 15 and even more so at 30 min. In 7 of these 19 there was no subsequent elevation of any magnitude and in 12 a new peak was evident between 60 and 240 min. In the one with no postprandial suppression, there was a marked rise to 60.0 ng/ml at 120 min. Four children with fasting values below 10.0 were all over 1 year of age: three had modest postprandial elevations but it is conceivable that two of these may have been responses to the venipunctures (3 I). It was thus possible to demonstrate adequate G H secretion in 21 or possibly 23 of 24 normal infants and small children. The FFA rebounds back to fasting levels were not dependent on GH responses.
-- casein-glucose meal on the day after admission (8---8 ) and during convalescence (8. . . .8), compared with those of normal infants of comparable age and size .
Results from groups C-1 and C-2 are combined for normal values. Table 3 ) which were more than 2 S D below the mean for C-1; three of the six were more than 2 SD's below the mean for C-2. The means were not significantly different. Peak BS was delayed until 60 or 120 min in three cases and they, as well as three others, had levels above fasting at 120 min. Mean fasting IRI on admission ( Fig. 2B and Table 3 ) was not significantly lower than in control subjects, although 3 subjects had levels below the sensitivity of the method. However, none of the 16 controls did so. The correlation between fasting BS and IRI was not significant. Only two infants demonstrated IRI increases of at least 13 pU/ml at 30 min.
Fasting FFA levels on admission ( Fig. 2C and Table 3 ) were all higher than the highest in group C-1, and six of eight in C-2. The mean was significantly higher than that of either group. Plasma FFA fell after the meal by at least 40% in seven infants, with rebounds apparent in all. The greatest falls were associated with the highest peak BS and IRI levels. The r value between peak IRI and lowest FFA was -0.727 ( P < 0.05).
Fasting G H on admission (Fig. 2 0 and Table 3 ) was above 10 ng/ml in six infants; all age or size controls had levels above this. In only one of these six was there a definite suppression postprandially, with a new peak at 180 min. Four of the six demonstrated fu'rther elevations postprandially, while two of the three with fasting levels below 10 ng/ml also had some postprandial elevation.
After partial rehabilitation ( Fig. 2A and Table 3 ), the BS at 120 min had fallen below or close to fasting in all cases. Fasting IRI was measurable in six of seven infants ( Fig. 2B and Table 3 ); correlation with BS was poor. Two had increases of 13 p U or more postprandially.
Fasting and postprandial plasma FFA in partially rehabilitated control infants. Fasting G H levels ( Fig. 2 0 and Table 3 ) were above 10 ng/ml in only three infants. All three demonstrated postprandial suppression evident at 15 min, and probably significant secondary peaks. The remaining four had clearcut elevations at 60 or 180 min.
MARASMIC KWASHIORKOR
Mean fasting BS before therapy ( Fig. 3A and Table 4 ) was not different from that of group C-3 but that at 15 min was significantly lower ( P < 0.05). Peak elevations were seen from 30 to 180 min. In 10 of 11 subjects the 120-min value was above fasting.
Although four children had fasting IRI (Fig. 3B, Table 4 ) below the sensitivity of the method, the mean was not significantly lower than that of the control subjects. Only one child had an IRI elevation of more than 13 pU. Five had no IRI response of any magnitude, and the remaining three had very much delayed or sustained minimal responses, generally associated with poor or delayed glucose elevations. The r value of 0.73 between peak BS and peak IRI was significant ( P < 0.02).
Mean fasting FFA (Fig. 3C, Table 4 ) was not significantly different from that of the control subjects. It had not fallen appreciably by 30 min, reached its lowest point only at 120 min, and had not rebounded by 240 min. Six of the 1 I had FFA falls of at least 40% evident at 120 or 180 min. The r between percentage of fall in FFA and peak IRI was -0.72 ( P < 0.05). Maximum FFA fall coincided with or followed peak BS elevation in nine children.
The mean fasting G H (Fig. 3 0 and Table 4 ) was similar to that of group C-3. Seven were above 10 ng/ml, but only two demonstrated clear-cut suppression shortly after the meal, with a secondary peak. The other five had further elevations at 15 or 30 Results from group C-3 only are used for normal values.
min, with only modest gradual falls subsequently. There was no relation apparent between G H levels or responsiveness and FFA rebounds, which were poor. During rehabilitation, fasting BS was, with one exception, in the low normal range. Three demonstrated "flat" tolerances. Peak elevations in the remaining nine occurred at 30 or 60 min, but were significantly lower than those of the control subjects at both times (Fig. 3A) . Although at 120 min all had fallen below the peak, only two had reached the fasting level.
Fasting IRI after partial rehabilitation was unmeasurable in four children but the mean was not significantly lower than control or admission values. In eight children the postprandial IRI increase exceeded 13 FU, and in three it exceeded 20 FU. Peak levels exceeded 20 FU in seven and 30 pU in two children.
Fasting FFA were significantly (P < 0.02) lower than pretreatment or control levels (Fig. 3C) . In all children they fell postprandially by more than 40%, with the nadir at 120 min in 8 of the 12. The r value between lowest FFA and maximum IRI was not significant.
In only two children was fasting G H above 10 ng/ml and in both it was suppressed postprandially (Fig. 3 0 and Table 4 ). In four studies there was no postprandial elevation. There was no clear relation between G H responses and FFA rebounds, or between fasting G H and FFA levels.
DISCUSSION (TABLES 5-8)
NORMAL INFANTS
and 13 years of age. Only our oldest group fell within this age category, and was found to have fasting BS levels within their normal range. It is possible that some of the higher fasting values. seen in this study were due to the stress of the previous blood-drawing.
Oral glucose tolerance was normal in 22 of our 24 healthy infants. The remaining two, being in the older age group, may have been more excited than the others. We found no significant age difference in tolerance, such as that reported by Loeb after intravenous loading (25) .
Peak IRI response to the meal did not correlate well with peak BS, but in these studies glucose and protein were given, and both produce an insulin response (46) . In Figure 4A we have plotted the mean ratio of plasma IRI to the BS at each stated time for the three groups. It is suggestive of a greater and more sustained IRI response by the younger infants to a comparable BS elevation, possibly explaining the lower BS levels at 120 min.
The more than 40% drop in postprandial plasma FFA seen in most healthy infants, and its temporal relation to peak BS and IRI, suggests that either or both inhibit FFA release from adipose tissue and muscle (43) . The timing of rebounds in FFA was much more closely related to fall in BS and IRI than to G H responses.
Fasting G H levels were above the range reported for older children and adults but were promptly and effectively suppressed by the meal. Comparably elevated fasting levels have been reported in normal infants up to 10 days of age (18) . In more than two-thirds of the normal infants in this study there were subsequent rises in G H which may represent responses to protein.
Mean fasting capillary BS levels were generally higher than MARASMUS literature values. Some of the difference may be due to the use by others of venous blood or serum, and of different laboratory
The results from the malnourished infants who were subsemethods. Pickens et al. (37) used capillary blood and the Somogyi-quently shown to be severely infected should possibly be excluded Nelson method ( 3 3 , as in the present report, in children between 1 from this analysis and report, and in fact they are not included in the paired statistical comparisons. To omit them altogether would imply that the other infants were not infected, which is most unlikely; severe malnutrition and severe infection are almost inseparable. Their inclusion in the group means helps to explain the variability in hormonal and metabolic responses found in our studies and in those of others, most of which make no mention of complicating infections. On the day after admission most infants had fasting BS in the low range reported by others (2, 8, 12, 17, 19, 31, 36, 39) but two had levels of 124 and 137 mg/100 ml. The occurrence of similar levels with the same frequency in the healthy infants deprives this finding of special significance. It may well be due to the stress of the previous blood-drawing, as in the control subjects. After partial rehabilitation, fasting BS levels were normal in all cases.
The delay in reaching peak BS is suggestive of impaired glucose absorption, and was less evident after partial rehabilitation. The relatively low peak BS before treatment could have been the result of carbohydrate deprivation before admission, but similar findings were still present after partial rehabilitation, and were present in some healthy infants. Failure to return to the fasting level at 120 min may in at least one case have been due to delayed absorption, but in others it was probably due to impaired oral glucose tolerance, as found by others (6, 19) . Marked improvement after partial rehabilitation has also been reported (6) . More nearly normal tolerance to intravenous glucose has been found initially (2, 6) , with occasional deterioration after partial rehabilitation (6, 3 I).
Fasting IRI levels below the sensitivity of the method, found in three marasmic infants, were not seen in normal infants, and are in general accord with those reported (6, 12, 19, 31, 36) . Very poor insulin responses to the meal, both in absolute terms and as a function of the BS elevation (Fig. 4B), have also been reported (6,   3 1, 32, 36) . The partial responses seen in only two infants, and the generally modest BS elevations produced by the oral glucose load in our patients, suggest that the normal insulin responses to an intravenous load reported in one study (12) were probably due to a greater glycemic stimulus. Becker et al. (6) have suggested that an impaired gut P-cytotrophic mechanism might be partly responsible for the altered release mechanisms found after oral glucose loading early in treatment. After partial rehabilitation, glucose tolerance (48) of the effect of very small concentrations of insulin on FFA release. A positive effect of G H administration on the growth and nitrogen retention of marasmic infants who had not responded satisfactorily to presumably adequate diets suggested that they were deficient in G H (34); low fasting G H levels and a poor response to arginine supported this impression (4). Godard and Zahnd (12) found normal or slightly elevated fasting G H in six marasmic infants, five responding to intravenous glucose. In a previous study they had found normal, low, or moderately elevated levels; some had no response to insulin-induced hypoglycemia; others did show apparently significant elevations (I I). These studies (4, 1 I, 12, 34) were of infants who had been treated for days or weeks; they are not representative of the initial metabolic and hormonal status. A further report described moderately elevated GH, particularly in was improved (Fig. 2) ; before treatment the 120-min BS had been above fasting in six of nine infants; it was now above fasting in only one of seven. IRI responses, both in absolute terms and as a function of BS elevation (Fig. 4B) , were still impaired. Although the poor responsiveness of at least two infants may have been due to the meager glycemic stimulus, this was not the case for most of the infants, whose normal glucose t~lerance despite poor insulin release suggests enhanced sensitivity to insulin. All were still severely underweight for height at the time of the second study; Baird (3) has suggested that very small amounts of circulating insulin are required to maintain normal BS and FFA levels in thin individuals. The less striking improvement in the IRI responses of our patients than in those of Becker et al. (6) may be due to differences in dietary management or the degree of recovery in weight at the time of the second study. The fasting FFA were much higher than those of normal infants of comparable age or size, or those of the same infants after partial rehabilitation. This is compatible with the reports of others in marasmus (21, 24, 31) and in hypotrophic newborn infants (I, 29). The more normal fasting FFA found by some investigators (16, 17) may have been due to differences in age or in dietary management before study; high carbohydrate feedings usually suppress elevated x SEM patients with low serum albumin, but did not specify the timing of the studies (44) . Still another found relatively normal levels in six cases, only two being moderately elevated (42) . Increased G H has been reported in anorexia nervosa (23, 28) , cystic fibrosis (15, 33) , marasmus due to cerebral disease (21) , and the maternal deprivation syndrome (22) .
Pimstone et al. (39) studied 20 cases of marasmus, 10 to 51 months of age, on the day after admission before dietary therapy. All but three had "elevated" fasting GH levels, with a mean of 26.0 & 3.3 (SEM) ng/ml. The fact that all but two had serum albumin levels below 3.0 g/ 100 ml, plus their generally more advanced age, makes them have much in common with most cases of MK. In four cases studied before therapy, we previously found two with "high" fasting levels and two with responses to arginine (14) . The evidence suggests that in untreated marasmus, plasma G H is already elevated, or responds appropriately to different stimuli. During the first few weeks of dietary therapy, the responsiveness of G H may be blunted (4, 14, 34) .
When compared with those of healthy infants matched for age or size, the fasting GH levels found in untreated marasmus in the present study and others (39, 44) must be considered normal, not "high." The very poor or delayed suppression is abnormal; this may be due to a poor or delayed glycemic stimulus, but this was not true in most of our cases, or in infants receiving intravenous glucose (3 1, 38, 39) . In at least half of our patients there was some evidence of a subsequent G H response, possibly to the protein component of the meal. After partial rehabilitation, fasting G H levels were moderately lower, but not significantly so. This is compatible with the reports of others who studied partially treated infants (4, 11, 12) . The finding of a G H response to the protein-glucose meal in some, but not all partially rehabilitated infants is in accord with data of Godard and Zahnd (1 1, 12 ), but not that of Beas et al. (4) . In a previous limited study we found that some partially recovered infants responded to arginine whereas others did not (14) .
Our findings in fasting, untreated marasmic infants can be summarized as follows: normal or low BS, normal or low IRI, markedly elevated FFA, and normal GH. Responses to a proteinglucose meal were characterized by some delay in BS elevation (delayed absorption?), mildly impaired glucose tolerance, and very poor or unmeasurable insulin release. Modest IRI and BS elevations, when present, were adequate to block FFA release from muscle and adipose tissues, suggesting normal or enhanced insulin sensitivity. G H levels were poorly suppressed by glucose, but some of the infants probably responded with further G H secretion to the protein in the test meal.
After 23 to 78 days of dietary treatment, when all had begun to gain weight, there was a normalization of fasting FFA. Insulin release, although increased, was still much below normal, but adequate for normal glucose utilization and blockage of FFA release.
Findings in marasmic infants, particularly before treatment, are more like those of normal or hypotrophic newborn infants (3, 29) than those of age or size controls. Merimee et al. (30) have suggested that the BS-insulin-FFA mechanism is the major control for regulating substrate availability during starvation, operating independently of G H if necessary; prior or concomitant exposure to G H affects the homeostatic setting. The close temporal relations between BS, IRI, and FFA levels in our patients, seemingly independent of changes in GH levels, are in accord with this scheme. The major hormonal adaptation in marasmus appears to be a markedly decreased insulin release. The persistence of this adaptive change is probably responsible for the poor accretions of lean body mass, particularly muscle protein, in convalescent malnourished infants who are laying down body fat and gaining weight (14) .
Although significant hypokalemia was not present in our patients at the time of study (9) , K deficiency may have existed and caused some impairment of insulin release, as postulated by Mann et a/. (27) . Its persistence after partial rehabilitation, when there was no K deficiency, does not favor this as a major factor. More likely, the nearly total disappearance of body fat stores renders these infants quite insulin sensitive and the very modest amounts released are probably appropriate to sustain essential metabolic processes.
The alterations in energy substrate levels and responses and in the major hormones involved all seem to be part of a convenient adaptation for survival in the face of chronic starvation. Severe infection, when superimposed, makes new demands which exaggerate these responses, and may find the organism incapable of meeting them.
MARASMIC KWASHIORKOR
Mean fasting BS of children with MK was not significantly different from that of normal or marasmic infants. Peak postprandial elevations were delayed more often until 60, ore even 120 min, suggesting that glucose absorption was more impaired. After partial rehabilitation there was still some abnormality, particularly in the form of minimal postprandial peaks.
Fasting and peak IRI levels were significantly correlated with BS values, but the IRI/BS ratio (Fig. 4C ) was consistently low, as found by others (6, 8, 26, 31, 32) . The more severe hypokalemia of MK (9) makes potassium deficiency appear to be a plausible cause of impaired insulin release in this group of patients. In three children there was a delayed or sustained IRI response, possibly related to delayed glucose absorption or to the protein in the meal. After partial rehabilitation, when there was no evidence of K deficiency, fasting levels were still low, but responses to the meal, although moderate, were improved and more appropriate in their timing. In some patients, poor insulin responses have been found to persist for days or even months after the start of rehabilitation (12, 19, 31, 41) , whereas in others normalization has been reported as occurring in a few weeks (2, 6, 12, 41) . In healthy children who had been malnourished years earlier, normal responses were found (6, 20) .
The normal fasting FFA of MK in our study are not in accord with others (24, 31) . Our oldest control group was considerably younger than the patients with MK; more appropriate control subjects might have had lower levels. Also, because of the more precarious metabolic status of MK, we gave one or two proteincarbohydrate feedings on the day of admission; this may have lowered FFA. The much delayed suppression after the meal can be attributed to delayed and minimal BS and IRI elevations. During rehabilitation postprandial suppression was prompt and efficient, and closely related to peak BS and IRI, indicative of normalization of the BS-IRI-FFA mechanism (30) .
The earliest determinations of fasting G H in untreated kwashiorkor found it to be consistently elevated (40) ; this has been confirmed (4, 12, 14, 26, 31, 32, 39) . Elevated levels were not suppressed by induced hyperglycemia (31, 38, 39) and were not further raised by intravenous arginine (4, 14) , but dropped promptly after meals containing protein (39, 40) or a mixture of essential amino acids (32) . Significant inverse correlations between plasma G H and serum albumin levels (7, 26) suggest a causal relationship, but artificially raising serum albumin levels did not have a predictable effect on G H levels (5, 7), suggesting that they are independent manifestations of protein deficiency.
Although mean G H of MK in the present study was not higher than that of the control subjects, this may be the result of the protein-containing meals of the previous day and of the lack of proper age controls. Whereas all healthy infants under 1 year of age had fasting G H levels above 10 ng/ml, only four of the eight between 12.5 and 18.5 months did so, suggesting that this would have been even less frequent at 2 to 3 years of age. The two youngest children with MK, ages 15.7 and 15.9 months, had the highest fasting G H levels, 38.2 and 22.6 ng/ml. The failure of the test meal to suppress G H is in accord with the experience of others (31, 38, 39) . After partial rehabilitation, six of eight had fasting levels below 10 ng/ml, probably normal for their age. Only two of nine children had neither an elevated fasting level nor a significant postprandial elevation.
The findings in fasting, minimally treated children with MK can be summarized as follows: normal or low BS, normal or low IRI, normal FFA, and probably elevated GH. Responses to a proteinglucose meal were characterized by a presumed delay in glucose absorption and very poor or unmeasurable insulin release. There was less evidence of sensitivity to insulin, as evidenced by delayed or absent FFA suppression, than in marasmus, with hypokalemia (9) and less depleted body fat stores (13) as possible contributing factors. The poor FFA and G H suppressions may have been to some extent the result of delayed or poor blood glucose elevations.
After 23 to 74 days of treatment, when all were free of edema, had normal or nearly normal serum albumin, had no evidence of K deficiency, and were gaining weight, they had normal fasting BS and GH, but FFA levels were low, and fasting IRI was still normal or low. There was improved but still delayed BS disappearance, improved IRI responses, and more normal GH responses to a protein-glucose meal.
SUMMARY
Fasting marasmic infants have normal or low BS, normal or low IRI, markedly elevated FFA, and normal G H levels. Rises in blood sugar after a protein-glucose meal are often delayed or poor, and disappearance is moderately delayed; insulin responses are very poor, but FFA release is adequately blocked; G H secretion, instead of being suppressed, may be further stimulated. During rehabilitation, poor insulin responses persist but the abnormalities in glucose utilization and fasting FFA levels are corrected.
In marasmic kwashiorkor the findings in the fasting state are similar, but FFA levels are much less elevated. Blood sugar elevation and its disappearance are significantly impaired, as are insulin responses, blockage of FFA release, and GH suppression after the test meal. During rehabilitation considerable recovery was evident but insulin responsiveness was not normalized.
